
1 

RESEARCH MEMORANDUM 

PRELIMINARY INVESTIGATION O F  VAFUOUS AILERONS ON 

A 42' SWEPTBACK WING FOR LATERAL CONTROL AT 

TRANSONIC SPEEDS 

Bs 
Thomas R. Turner, Vernard E. Lockwood, 

and Raymond D. Vogler 

NATIONAL ADVISORY COMMITTEE 
. .  FOR  AERONAUTICS 

-54 



NACA RM No. I,-1 - 
PRELIMINARY I I W E S T I W O N  OF VARIOIB AILERO?J9 ON 

By Thomas R . Turner, V e r n a r d  E. Lockwood, 
and Raymond D .  Vogler 

An investigation a t  trmsonic speeds has been performed in  the 
Langley high-speed 7- by 10-foot  tunnel to determine the  rolling- 
effectiveness  characteristics of several  aileron aryangenaents f o r  use 
on a 42O sweptback wing. The ,tests were  performed on a small model of 
a 42O sweptback wlng by a method simila;r to the NACA wing-flow method. 
The testing technique involved placing a model i n  the hi@-velocity 
flow f ie ld  generated over a curved surface. The investigation was con- 

contour to obtain an aileron which  would not show reversal of effec- 
tiveness in  the  transonic speed range. Ln addition, same unconventional- 
tspe  ailerons, such as  spoilers and auxiliary  lifting surf-aces, were 
tested. No attempt has been made to analyze the  data  fully. 

* cerned primarily with mdlfications to the  regular  aileron chord and 

The data presented indicated  the  effectiveness of the or ig ina l  
0.20-chord circular-arc  aileron reversed from a Mach  number of 0.92 
t o  1.175 for a deflection of 2.3' For higher def lectiona  the  eff  ec- 
tiveness approached zero a t  higher Mach numbers. Neither the f la t -  
sided nor the cusp  normal-chord aileron showed  much  improvement in 
effectiveness a t  low deflections over the  circular-arc  aileron. 
=tending the chord of the  aileron improved control throughout the 
speed range investigated. 

The -paruel-sided  aileron (an unconventional aileron of uniform 
chord thickness) showed no indication of reversal and had better  effec- 
tiveness  thaa  either of the  other normal-chord ailerons  tested. A 
spoiler  deflection of 1 percent Etnd 5 peroent chord appeared t o  be 
quite an effective m e a n s  of control up to -  a Mach  number  of 1.15 w i t h  

1 no indication of rsversal. 

INTRODUCTION 

One  of the many problem arising from the use of sweptback  wings on 
hi&-speed aircraft  has been that of securing adequate lateral  control, 

I, 
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par t icu lar ly  i n  the transonic  speed  range. It w a s  the purpose of this 
i n v e s t i s t i o n  to  aid in finding a sui table   a i leron which would offer  
positive  control  throughout the transonic  speed range. 

In   order  t o  obtain a solut ion  to  the problem of la te ra l   cont ro l ,  a 
mall 42O sweptback wing was b u i l t  and teated. on the  transonic bump. 
The e f fec t  of a i le ron   prof i le ,  chord, and ~ p a a  wa8 determined.. In 
a d d i t i o n , a  limited IILmiber of tests were made t o  determine  the  effec- 
tiveness of spoilers, auxi l ia ry   a i r fo i l s ,  asla leadlq-edge f l aps  Fn 
conzrection w i t h  a i leron  def lect ion as la teral   control   devices .  

It was not tAe purpose of the present   inves t i~r t t ion  to  obtain 
complete data on the  various  configurations  investigated but only t o  
determine their   acceptabi l i ty  as controls in the  transonic  speed  range. 
Tho only data obtained were t h e  rolling-moment coefficients;  thus, the - 

e f fec t s  of the uncm-zentional a i l e r m  on the  other aerodynamic charac- 
t e r i s t i c s  have y e t   t o  be i n v e e t i s t e d .  
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SYMBOL3 AND CORRECTIONS 

rolling-moment coeff ic ient  produced by a i le ron  (L '/qSb) , 

aileron  deflecticm,  positive when t r a i l i n g  . .  edge is down 

wing mean aerodynamic chord (M.A.C . ) , 0.25 f o o t  

twice  span of semispan model, 1 foo t  

twice area of semispan model, 0.25 square  foot 

model rolling moment produced by aileron  about  -plane of eymmetry, 
foot-poundE 1"" 

average dymmic praseur9  over 3 w . o f  mod31 . .  . .  

mass density of air, slum per  cubic  foot . .  

average Mach number over  span of model 

tunnel  reference Mach number 

l oca l  Mach  number 

Reynold8 nimiber ' I. 

Subscripts : 

0 outboard 

" -. 
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i inboard 

. f .s. fu l l  span 

3 

The data have been corrected In accordance  with reference 1 f o r  
reflection-plane d e b .  This correction is f o r  extremely low Mach 
numbers. Ro correction has been made f o r  Mach  number e f f ec t .  The correc- 
tions  applied were as follows: 

f o r  outboard  ailerons 

c = c  
'a 'measured 

X o ,765, f o r  fa-span ai lerons 

c = c  
'a 'measured 

X 0.759, for  inboard  ailerons 

No correction waa applied t o  the data f o r  the wing-tip  aileron. 

TESTING TECHNIQUE 

P Tbe t e s t a  were performed in  the W e y  high-speed 7- by 10-foot 
tunnel which is  a closed-throat,  single-return  tunnel capable of reaching 
the choking Mach number. Ln order   to  obtain Gransonic  speeds i n  the 
tunnel an application of the NACA wing-flow method of testing ( refer -  
ence 21 m s  made. This method of t e s t ing  at  transonic speeds Involves 
placing the model in the high-velocity  flow f ie ld  generated over the 
curved  surface of a bmp on the tunnel f loo r   ( f i g .  1). A sketch showing 
the re la t ive   loca t ion  of the model on the bwq is given in  f igure 2. AXL 
e l e c t r i c a l  strain gage is mounted in a chamber i n  the bump and mea8ure5 
only the   ro l l ing  moment of the model about the plane of symmetry of the 
model. This chamber is sealed. except for a hole  through which the bu t t  
of the w i n g  passes. The f welage which was approximately 1/32 inch above 
the bump surface  covered this hole. 

A l l  of the tests were r u n  a t  approximately Oo angle of at tack.  

Figure 3 shows the  variation of the l o c a l  Mach  number along the  
. surface (chordwise) of t h e  buurp i n  the   v ic in i ty  of the model and the 

. root .  The t e e t  Mach  number was the average Mach number over  the span 
ver t ica l   var ia t ion   for  a posi t ion near the .leading edge of the w i n g  

of the model. The average Mach  number over the span  of  the model i s  

approximately 0.01 a t  the.1owes-b Mach number and 0.03 a t  the highest 
Mach  number t e s t e d  ( f i g .  3 ) .  No attempt  has  been made t o  evaluate the 
effect  of the  var ia t ion in Mach  number along  the  chord and span of the 

higher than the average Mach nmber.over the span of the aileron by 
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model. The variation of Reynolds nmbdr with  Mach.  number for t e s t  condi- 
tions is presented in figure 4. 

MODEL 

The semispan  model wed for these tests had 42.80 of sweepback, 
taper  ratio of 0.30; and aspect  ratio  of 4.0; other  geometric  charac- 
teristics  are aham in figure 5 .  The w i n g  w a e  a 10-percent-thick 
circular-arc  section nomnal to t h e  50-percent-churd l ine ,  had no 
dihedral, and was mounted as a midwing (fig. 5). The fuselage was 
semicircular in cross  section. The wing was of polished  steel and t h e  
fuselage  of  polished  brass. 

" .. - 

. .  

The ailerans were attached to the  wing  with a I-inch-thick cqpper 32 
insert (fig. 5). ThiB imert was bent,to obtain the  required  deflection. 
The deflection was checked  before and after each  teat.  For the sealed 
condition t h e  gap between wiqg and aileron was filled  with  beeswax and 
faired. For the Unsealea tea ts  the bee~lwax was left  out, the leading 
edges of-aileron  were  s.lightly  rounded, and t h e  copper  insert waa 

replaced  with a steel  insert  with  --inch  hokes-  drilled & inch on . 
1 
32 

centers Bparrwise between  aileron and wing. 

Some a f .  t h e  more  important  geometric  characteristics of the models 
tested  including t h e  trailing-edge anees as  measured parallsl to t he  - 

plane of syrmnetry a r e  glven in the following table (the  aileron chord 
is  based on t he  original  wing  chord in all caBe8): 

=.. " 

. " . " . . " " 

Aileron  chord, 
percent wing chord 

Approximate  trailing-edge 

of symmetry 
Description angle parallel to plane 

20 

Parallel sides 20 
7 -0 F l a t  sides 40 
10 .o Flat sides 32 

9 -0 CUSP 26.9 
11.7 Flat sides 26.9 
7.2 CUSP 20 
16 .o Flat sides 20 
20 .o Circular m c  

""""""""-"""" 

In addition,  wing-tip  and triangular inboard  ailerons were teated. 
The geometry of these unconventional  ailerons  ia shown in  figure 6. 

. 
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The rolling-moment coefficients  presented i n  this paper are  incre- 
mental, the coefficient a t  a given deflection minus the coefficient a t  
zero deflection. 

The variation - o f  rolling-moment coefficient w i t h  Mach number f o r  
the normal-chord (0.20~)  circular-arc  aileron is presented in  f igures 7 
t o  9. B o t h  the full-span and inboard ailerons (figs . 7 and 8) showed 
reversal of effectiveness f o r  all deflections tested between Mach 
n&ers of 0.925 and 1.175, the highest value teated. The outboard 
aileron  (fig. 9 )  indicated  reversal f o r  a 2.3' deflection a t  a Mach 
number of 0 . 9 .  '.The aileron  effectiveness  for higher deflections 
approached zero a t  highest Mach numbers. 

The variation of the roJling-mment coefficient w i t h  Mach  number 
f o r  the flat-sided  aileron is presented in  figures 10 t o  12. The fuY- 
span aileron shared reversal f o r  all deflections tested. The outboard 
ai leron  hucated zero effectiveness f o r  deflections of 1.70 and 4.80 
at  a Mach  number of 1.03 with some tendency to recover as -&e Mach 
number increased. A t  higher  deflections,  the  flat-sided  aileron 
appeared to  be  more effective than the circular-arc  aileron. The 
inboard-aileron  eection had a negligible  effect on the  characteristics 
of the outboard aileron  (figs. 32. and 12). 

The outboard cusp aileron  (fig. 13) appeared to be quite  ineffective 
throughout the Mach  Ilumber range tested. for a 1.go deflection, w i t h  
reversal  indicated a t  a Mach  number of 0 .%5. The other  deflections 
showed reasonable  effectiveness throughout the Mach  number range tested. 

The results  for the 0.269-chord  cusp and flat-sided ailerons  are 
presented in  figures 14 and 15. It appears that the cusp aileron has 
the  better  characteristics. The vaziation of rolli.n.n-mment coefficient 
wlth Mach  number for  the 0.269-chord  cusp aileron I s  shri. lax t o  t2m.t of 
the 0.20-chord  cusp aileron of figure 13, but because of the  longer chord 
the  aileron was nore effective. 

- The results f o r  the 0.32- and 0.40-chord flat-sided  ailerons 
(figs. 16 and 17) show very similar characteristics and indicate no 
reversal up t o  M = 1.175, I t h e  highest  tested. B o t h  ailerons appeared 
t o  have better  characteristics than the two smaller flat-sided ailerons 
tested. 

Conditions along the hlnge line appeared to  affect  the  effectiveness 
of the ailerons  tested. Ranoving the f a i r ing   a t  t he  hinge line (fig.  18) 
but  maintaining the seal increased  the aileron  effectiveness up to a 
Mach number of 1 .O; above t h l s  Mach  number the'eff ect was negligible. 
Leakage d o n g  the hAnge lFne for either  the 0.20-chord circular-arc o r  
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t he  0.k-chord flat-sided  aileron  (figs. 19 and 20) reduced  the  aileron 
effectiveness at most  speeds and also reduced  the  variation  of  rolling- 
moment coefficient  with  Mach  number. These results  indicated  that further 
studies  of leakage along  the hinge should be made Fa the  transonic  speed 
range. 

\ 

Because  it was thought  that t h e  reversal  or  ineffectiveness  of the 
flat-sided  or  cusp  0.20-chord  aileron  might  be a result of flow separa- 
tion ahead. of or near the hinge line of t h e  aileron, an aileron was built 
that h&l constant  thickness  behind t he  hinge l ine.  This contour w o u l d  . 
tend to fill up  this  area  of  separation o r  t h e  reduced  pres8rp.e.  gradient 
over the  trailing edge might  prevent  separation whan the  aileron I s  
neutral, and the 'control  therefore  should  be  effective for smal l  deflec- 
tions. The result& 'for this  aileron  (fig. 21) showed no tendency  for 
t he  effectiveness  to  reverse  even f o r  mnal l  deflections up to Mach nmbers 
of 1.125, the hi&est  tested.  Furthermore, t h e  effectiveness  of  this 
aileron was greater  than  that  of  the  circular-arc, the flat-sided,  or 
the  cusp  0.20-chord  ailerons. 

. .  

. .. 

Spoilers  have shown good  effectiveness on a very thin wing of 
about t h e  same sweep Etnd plan  form at transonic speeds (reference 3). 
A spoiler  arrangement  that  showed  characteristics  at low speed similar 
to t h e  spoiler arrangement of  reference 3 WELE tes ted  at both 1- ehnd 
5-percent  projection  (fig. 22) and, as did the spoiler of  reference 3, 
ahowed qui te  high  effectiveness  at all Mach  nunibers-Lnvestigated. 

Since  leading-edge  flaps  deflected  opposite  to the ailerons  have 
shown fpod effectiveness at Mach numbers above 1.5, they were  investi- 
gated  at  the  transonic  speeds. At  Mach  numbers I;LP to 1.15, the O.15-chord. 
leading-edge  flap  deflected  either - 5 O  or -loo (figs. 23 and 24) had a. 
detzimental  effect on the  aileron  characteristics. 

One isolated  test of a wing-tip  aileron is presented in flgure 25. 
For this  arrangement, the afleron  effectiveness was relatively  goodj 
however, this  aileron  will  require  cpnsiderable  additional  work. 

The variation  of  rolling-moment  coefficient w i t h  Mach number for a 
-triangular inboard  aileron  designed  to  affect a large  portion of the 
wing at supersonic speeds is presented in figure 26. m i s  configuration 
showed  reasonable  effectiveness  throughout t he  speed  range  tested; 
however,  optimum shape a& location have y e t  to be determined. 

The  re~lults  of  testa  at  transonic  speeds of a semispan 42' sweptback 
wing-fuselage  combination  indicate t h e  following conclusions : 

.. 
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1. The normal aileron (0.20~  circular  arc)  indicated  reversal  for a 
deflectim of 2.3O a t  a Mach number of 0.92. For higher  deflections, 
the  effectiveness approached zero a t  higher Mach numbers. 

2. Neither the flat-sided nor the cuep  normal-chord aileron showed 
much  improvement i n  effectiveness at low deflectiom over the  circular- 
arc  aileron. 

3. EktendFng the chord of the aileron  offered one method of pro- 
viding  positive  control up t i t h e  highest Mach numbers tested. 

4. Leakage along  the hinge line had an important effect on the 
characteristics and should be investigated  further. 

5 .  The parallel-sided aileron showed no indication of reversal and 
greater  effectiveness than either of the other normal-chord ailerons tested. 

6 .  The spoilers were quite  effective throughout the Mach  number ranp 
tested. 

Laagley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field, Va. 

REFERENCES 

1. Swanson, Robert S., and Toll, Thomas A. : Jet-Boundary Corrections fur 
ReflectionA'lane Model8 in Rectangular W l n d  Tunnels. NACA Rep. 
No. 770, 1943. 

2. Gilruth, R.  R., and Wetmore, J. W. : Preliminary Tests of Several 

3 .  Schneiter, Leslie E., and Z i f f ,  Howard Z.: FYeliminary Lnveetigation 
of Spoiler  Lateral Control on a 42O Sweptback  Wing at Transonic 
Speeds. NACA RM No. L m g ,  1947. 





.. . . . . . . . . . 

z 

Figure 1. - Three-quarter front view of the model as mounted on the bump in the Langley . 
high-speed 7- by 10-foot tunnel. 
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Figure 2.- Schematic  sketch of relative position of model, balance, a d  transonic bump as 
mounted in the Langley high-speed 7- by 10-foot  tunnel. 
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'Figure 3.- Spanwise and chordwise distribution of Mach number over transonic bump. 
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Figure 4.- Variation of Reynolds number with test Mach number. Reynolds number based on 
model mean aerodynamic  chord of 0.25 foot. 
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F'ipre 5.- Drawing of the 42.8O sweptback wing and fuselage combination. 
c 
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(a) Wing-tip triangular  aileron. (b) Triangular inboard aileron, 

Figure 6. - Drawings of wing-tip aileron and triangular inboard aileron. - u1 
P 
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.5 .6 .7 .8 .9 LO L2 
/Mach number, M 

Figure 7. - Variation of rolling-moment  coefficient with Mach numoer 
for a 0.20 -chord full-span circular-arc aileron, - 
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Figure 8. - Variation of rolling-moment coefficient with Mach  number 
fo r  a 0.20-chord circular-arc inboard  aileron. .__ 
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Figure 9.- Variation of rolling-moment coefficient with Mach nuIllDer 
for  a 0. !20 -chord circular -arc outboard aileron. - 
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Figure 10. - Variation of rolling-moment coefficient with Mach number 
for a 0.20 -chord  flat-sided  full-span aileron, 
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.5 .6 .7 -8 .9 LO 11 

Mach number, M 

L 2  

Figure 11. - Variation of r o w - m o m e n t  coefficient with Mach number 
for a 0.20-chord flat-sided outboard aileron. 
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5 .6 .7 .8 .9 /. 0 /./ 1- 2 

M O C ~  number, M 

Figure 12.- Variation of rolling-moment  coefficient with Mach number 
for a 0.20-chord flat-sided outboard aileron. 
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c 

Figure 13. - Variation of rolling-moment coefficient with Mach number 
f o r  a 0.20 -chord cusp outboard  aileron. 
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Figure 14. - Variation of rolling-moment coefficient with Mach number 

- for a 0.269-chord cusp outboard aileron. 
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Figure 15.- Variation of rolling-moment coefficient with Mach number 
f o r  a 0.269 -chard  flat-sided outDoard aileron. 
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Figure 16.- Variation of rolling-moment  coefficient  with Mach number 
fo r  a 0.32-ckord flat-sided  outboard  aileron. 
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Mach  humher, M 

Figure 17.- Variation of rolling-moment  coefficient with Mach number 
for  a 0.40 -chord flat-sided outbaard aileron. 
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.5 .6 .8 .9 LO L2 

Figure 18. - Variation of rolling-moment  coefficient with Mach  number 
for a 0.20-chord circular-arc outboard  aileron  with and without 
aileron gap. " 9 
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Figure 19.- Variation of rolling-moment  coefficient  with Mach number 
for  a 0.20 -chord circular-arc outboard  aileron with unsealed gap. 

. 
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Figure 20. - Variation of rolling-moment  coefficient with Mach  number 
for a 0.40-chord flat-sided outboard  aileron with unsealed gap. 



Figure 21. - Variation of rolling-moment  coefficient with Mach number 
for  a 0.20 -chord parallel-sided outbdard aileron. - 
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M a c h  number, M v 

Figure 22. - Variation of rolling-moment  coefficient with Mach  number 
for a 0.50 -semispan  outboard spoiler. 
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.5 .6 .7 .8 .9 LO 

Much number, M 

Figure 23. - Variation of rolling-moment  coefficient with Mach number 
for a 0.20-chord circular-arc outboard aileron with leading-edge 
outboard flap deflected -50. - 
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.5 -6 .7 .8 .9 LO /2 

Figure 24. - Variation of rolling-moment  coefficient with Mach  number 
for a 0.20 -chord circular-arc outboard  aileron with leading-edge 
outboard  flap deflected -10'. 
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.5 .6 .7 -8 .9 

Mach number, M 
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Figure 25. - Variation of rolling-moment  coefficient  with Mach  ntxnber 
fo r  a triangular tip aileron deflected XIo. 
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Figure 26. - Variation of rolling-moment  coefficient  with Mach number 
fo r  a triangular  inboard  aileron. 
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